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AMENDED CLAIMS 
[received by the International Bureau on 18 November 1996 (18.11.96); 
original claim 3 cancelled; original claims 4-7 amended and renumbered as claims 3-6; 
remaining claims unchanged (1 page)] 

1. A movable robot comprising a carrier unit and a manipulator unit, the 
carrier unit causing an axial movement in a pipe line and comprising two or several 
intermovable units, each movable unit preferably provided with three projecting legs 

5 (4, 5) having contact surfaces (4a, 5a) for abutting the inner side of the pipe such 
that said movable unit is fixed relative to the pipe, characterised in that 
one of the movable units is fixed relative to the pipe, while at least one of the other 
movable units is movable relative thereto and that the second movable unit is rotat- 
able as well as displaceable relative to the fixed unit acting as a fixed reference for 
10 the second unit. 

2. A movable robot as claimed in claim ^characterised in that each 
set of legs may be moved synchronously in and out of the carrier unit according to 
the "umbrella principle" so as to provide a centering of the carrier unit. 

3. A movable robot as claimed in claims 1-2, characterised in that 
15 sensors such as pressure sensors which are sensitive preferably in all directions are 

provided on the contact surfaces. 

4. A movable robot as claimed in one or more of the preceding claims, 
characterised in that sensors such as pressure sensors preferably sensitive 
in all directions are provided on the manipulator unit. 

20 5. A movable robot as claimed in claims 1-4, characterised in that 
the carrier unit is provided with additional sensors such as^pressure sensors to 
register obstacles. 

6. A movable robot as claimed in one or more of the preceding claims, 
characterised in that the positions of the different obstacles in the pipe line 
25 are stored to provide a travel pattern which can be used when retracting the robot. 
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Title: Movable robot for int ernal inspection of p i pPC 
Technical Field 



The invention relates to a movable robot comprising a carrier unit and a manipulator 
unit, the carrier unit causing an axial movement in a pipe line and comprising two 
5 or several intermovable units, each of said movable units preferably provided with 
three projecting arms having contact surfaces which may abut the inner surface of 
the pipe, whereby at least one of the movable units is fixed relative to the pipe. 

Background Art 

Norwegian published specification No. 155 232 discloses a self-propelled pipe pig 
10 comprising a stepping device in two pieces. This stepping device comprises a 
forward stepping element and a rear stepping element each provided with a device 
for clamping it to the inner surface of the pipe. One of these elements is further 
provided with drive means for axial movement of the forward stepping element unit 
relative to the rear stepping element. However, this pipe pig is not adapted to pass 
15 obstacles in form of pipe stubs in the pipe. Many pipe connections in nuclear power 
stations are encumbered with such obstacles reducing the inside diameter of the 
pipe. 

German patent No. 3 419 683 (corresponding to EP patent No. 0 170. 609) dis- 
closes a pipe pig for indicating defects on the inner side of a pipe. The pipe pig 

20 comprises two interdisplaced movable units. One of these units is provided with 
three projecting arms which may abut the inner surface of The pipe, pivotally 
arranged rollers being provided at the end of the arms. The arms may rotate around 
the longitudinal axis to allow the pipe pig to pass obstacles, if any, e.g. in form of 
stubs in the pipe, said obstacles being detected by means of a television camera. One 

25 drawback of this construction is that the movement of the complete unit depends on 
the friction created by a number of rollers (wheels) on the inner surface of the pipe. 
The friction is not provided, if essential parts of the inner pipe face are replaced by 
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other components of a geometrical structure deviating from the structure of the 
original pipe face. This is often the case in complex pipe lines in nuclear power 
systems. For the same reason and also when the wheels abut the pipe wall, the 
wheels are not able to roll without slip. This reduces the possibility of establishing 
5 an accurate position. 

Brief Description of the Invention 

The object of the present invention is to provide a more flexible movable robot, 
whereby the accurate position is determined in a more simple manner than hitherto 
known. 

10 A robot of the above type according to the invention is characterised in that the 
second movable unit is rotatable as well as displaceable relative to the fixed unit 
acting as a fixed reference. As a result, the exact position of the robot may be 
provided at any time, the position being continuously set relative to a fixed reference 
position. The fixed reference is not fixed in the usual sense, but is established by 

15 the presently stationary part of the two-part, movable robot. The accuracy is such 
that the travel pattern during insertion of the robot also may be used during retrac- 
tion, as the travel pattern in this case is performed in the opposite sequence. 

Moreover, the robot may be adapted such that each set of legs may be moved 
synchronously in and out of the carrier unit according to the "umbrella principle". 

20 Brief Description of the Drawings. 

The invention is explained in greater detail below with reference "to the accompany- 
ing drawings, in which 

Fig. 1 illustrates the main components of an inspection system comprising a mov- 
able robot according to the invention, 
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Fig. 2 illustrates the robot according to the invention comprising a carrier unit and 
a manipulator unit, 

Fig. 3 is an illustration of the travel cycle of the carrier unit, 

Fig. 4 is an illustration of how the robot inadvertently may be located between 
5 obstacles in the pipe, 

Fig. 5 is an exploded view of the carrier unit, 

Fig. 6 illustrates a tool manipulator unit of the carrier unit and 

Fig. 7 is a flow chart of a programme for controlling the robot. 

Best Mode for Ca rrying Out the Invention 

10 According to the invention, a movable robot is provided for internal inspection of 
a pipe system. The following criteria are essential for the structure of the robot: 

1. The robot is prevented from being stuck in the pipe. 

2. The robot shall be able to pass internal obstacles in the pipe and in pipes 
without definition. 

15 3. The applicability is to be as wide as possible. 

In view of the risk of malfunctions, all components in the carrier unit have been 
doubled. 

Applicability. 

20 The best possible applicability is obtained by means of tool manipulator unit having 
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six axes. Such a tool manipulator unit is advantageous in many ways. Several tools 
may be mounted in such a unit, whereby it is possible to alternate between different 
tools without removing the robot from the pipe. 

The objectives for the dimensioning of robot are as follows: 

5 - the same robot is to be used for several pipe dimensions, 

it should always be possible to remove the robot regardless of its position 
in the system and even if it is without power or out of control, 

the manipulator unit is to have the utmost flexibility such that there are 
virtually no limits for the used tools. 

10 The main components of the inspection system are shown in Fig. 1. The primary 
components are the carrier unit and the movable manipulator unit mounted thereon. 
The tools can be mounted on the manipulator unit. The carrier unit is shown in Fig. 
2. Various insertion units can be used for the installation/removal of the robot in a 
pipe system or the robot can be inserted manually. 

15 The robot is connected to an external control system comprising hardware and 
software for the simulation and monitoring of the robot. The system further compri- 
ses sensors and recording units for the control and monitoring of the robot. If 
desired, cameras for visual inspection of the pipe system can be mounted. In the 
following, the individual main components are described in details. 

20 The carrier unit is based on a traveller principle and provided witfi two sets of legs 
4, 5. The legs 4,5 are arranged in separate parts of the carrier unit. The two parts 
are interconnected by a rotation and prismatic connection. This connection enables 
the carrier unit to move forward and backward in pipes and pipe lines and pass 
obstacles, if any, therein. Each set of legs comprises three legs. A circular friction 

25 pad 4a, 5a having a spring-loaded steel ball is provided at ti end of each leg 4,5. 
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Each set of legs 4,5 can be moved synchronously in and out according to the 
"umbrella principle" to ensure a centering of the carrier unit and a fixed contact 
between the friction pads 4a,5a and the pipe surface. The legs 4, 5, the rotation 
connection 8 and the prismatic connection 7 are all supplied with energy via double- 
5 acting pneumatic cylinders provided with coders enabling a positioning of the legs 
4,5 and thus providing flexibility to compensate for variations in the diameter of the 
pipe. As a result, the pneumatic is reliable in relation to variations in the pipe 
diameter and able to withstand overloadings which might damage the carrier unit. 
Each of the legs are moreover provided with a sensor mechanism, e.g. in form of 
10 a pressure sensor. The sensor mechanism is able to register influences from all 
directions. 

The carrier unit is moved forwards and backwards in the pipe by extension/contrac- 
tion of the front legs 5, the rear legs 4 and the prismatic connection in a special 
cyclic order, confer Fig. 3 illustrating this cycle. 

15 The robot is to be able to pass obstacles in form of holes or objects in the pipe, 
confer Fig. 4. A rotation connection 8 is provided to enable the robot to pass 
obstacles 21 in the pipe. As a result, the legs can be adjusted relative to the obstac- 
les 21 and pass these. The robot can pass closely spaced obstacles, as the carrier 
unit can rotate on the spot without moving backward or forwards in the pipe. The 

20 first set of legs rotates by retracting the legs such that the friction pads 4a or 5a no 
longer abut the pipe wall, the spring-loaded balls, however, still abutting the wall. 
In combination with a control/positioning system the rotation connection 8 can also 
be used to maintain the carrier unit in a chosen orientation and thus compensate for 
external factors which otherwise may influence the orientation of the carrier unit. 

25 The control system for the pneumatic cylinders moving the legs is adapted such that 
in case a leg inadvertently is pushed into a hole in the pipe wall, only a portion 
corresponding to a diameter exceeding the pipe diameter at the position of the 
carrier unit by 10 mm is pushed into said hole. Thus, it is always possible to retract 
and rotate said leg. 
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The friction pads 4a, 5a on the legs 4, 5 are further supported such that they can 
adjust to the inner face of the pipe when the carrier unit is moved in a pipe bend. 

This principle of the carrier unit is not only chosen, since it enables the carrier unit 
to move around in the pipes and pass obstacles 21 , but also since only comparatively 
5 few and simple movable parts are required. 

The carrier unit is torpedo-shaped and has a diameter of approximately 330 mm. 
The legs can be completely retracted, thus providing the carrier unit with a smooth 
surface so as to reduce the risk of the carrier unit being caught on obstacles, if it 
is retracted in case of failures, such as power failure and/or defects in the control 
10 signals. The legs are spring-loaded such that they are automatically retracted into 
the carrier unit in case of a power failure. 

The carrier unit may be provided with additional sensors such as pressure sensors 
to register obstacles. 

The carrier unit comprises two aluminium frames interconnected by means of the 
15 rotation and prism connection. Each leg is formed of an aluminium rod and a slide 
22 slidable on each of the aluminium frames by means of a pneumatic cylinder 12. 
As mentioned above, the legs of each set of legs are interconnected by means of a 
umbrella-like system so as to ensure a synchronous movement of the legs. The 
prismatic connection is controlled by means of three pneumatic cylinders 7 con- 
20 nected with guides. The rotation connection is controlled by means of two pneumatic 
cylinders 8 enabling a rotation of up to 50°. By doubling the number of cylinders 
for each movement the control system may be formed as two Independent systems. 
When only one system is operating, the carrier unit is still operational, whereby the 
removal of the carrier unit and the manipulator unit is possible. As a result, the 
25 reliability of the system is increased. To further increase the reliability, the pneu- 
matic system is provided with valves automatically releasing the air pressure on the 
"expanding side" of the pneumatic cylinder pistons and thus enabling the spring to 
retract the legs into the carrk: unit in case both systems fail. 
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In the centre of the carrier unit, a waterproof container 3 is provided for the control 
electronics and valves are provided for the carrier unit as well as for the manipula- 
tor unit. The container 3 is divided into independent chambers such that each of the 
two independent control systems can be placed in a separate chamber. 



5 The manipulator unit 



For an optimum flexibility of the tools to be used, the robot can be provided with 
a manipulator unit having six degrees of freedom as previously mentioned. As a 
result, the tools can essentially reach any position in the system to be inspected. 

The third axis of the manipulator unit is a telescopic arm - confer Fig. 6. The first 
10 axis corresponds to the rotation of the manipulator unit around the central axis of 
the carrier unit. The axis is energized by means of a motor in the carrier unit. The 
second axis is the shoulder of the telescopic arm. The connection is moved by 
means of a two linear motors comprising ball joints. The telescopic arm comprises 
three members for extension of the operational space and is operated by means of 
15 a ball joint. The use of ball joints to move the axes 2 and 3 ensures that said axes 
are not self-locking, whereby the built-in springs can retract the axes in case of a 
power failure. The end of the telescopic arm is provided with a "hand" on which 
the tools can be mounted. 



In case the load exceeds the maximum permissible moment of the gears in the 
20 "hand" the tools may optionally be mounted directly on the end of the telescopic 



arm. 



The manipulator unit may be provided with two sets of monitoring cameras with 
light sources. Moreover, a connection box for tools is provided at the end of the 
telescopic arm. 

25 Depending on the size of the tools used and the system to be inspected the manipula- 
tor unit can be provided with several different tools at the same time. 
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Four sensors are used to monitor and control the robot. Two sensors are mounted 
on the carrier unit and one of these has a rear view, while the other has a side view. 
Two sensors are arranged on the arm of the manipulator unit (Fig. 6) and can be 
used to position the manipulator unit, to control the movements of the carrier unit 
5 and to monitor the tools. 

The positioning system for the robot is divided into the two systems, viz. a system 
for the carrier unit and a system for the manipulator unit. In terms of hardware the 
two system are independent. However, to establish an absolute position of the 
particular tool, the two systems are adapted to interact. The position system of the 
10 carrier unit provides the position of the carrier unit relative to a system of reference 
co-ordinates on the test piece, while the position system of the manipulator unit 
provides the absolute position of the tool used relative to the reference system on 
the carrier unit. 

The carrier unit is provided with three position monitoring systems. 
15 1. Coders on the prismatic connection and on the rotation connection. 

2. Sideways sensors, preferably pressure sensors, to observe characteristic 
features having a known position in the test piece. 

3. A gyroscope providing the position and orientation of the carrier unit 
relative to the latest calibrated position. 

20 The carrier unit is moved to a position where the sensor recognizes a feature having 
a known position in the system of reference co-ordinates and tfie position of the 
carrier unit is altered on the basis of the position of this feature in the sensor display 
and the position of the sensor on the carrier unit, confer the position monitoring 
system No. 2. As an option to the sideways sensor, jointly with the position and 

25 control system of the manipulator unit a sensor having a known position on the 
manipulator unit may be used for recalibration of the position of the carrier unit. 
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The third position system is the gyroscopic position sensor. This sensor provides the 
position of the carrier unit in the working area relative to the position of the last 
calibration of the system. The sensor estimates the position by means of signals 
from three gyroscopes and three accelerometers. As the system is continuously 
5 operating, the actual position and the estimated position differs from each other. The 
difference per unit of time depends inter alia on external factors and the accuracy 
of the sensor. In order to eliminate the difference the senor can be recalibrated by 
means of the position monitoring system No. 2. 

As previously mentioned, all of axes of the manipulator unit are provided with 
10 coders. By using known measured positions of the system of tool co-ordinates 
relative to the tool flange of the manipulator unit, the control system of the manipu- 
lator unit can estimate the absolute position relative to the carrier unit. When using 
absolute coders it is not necessary to recalibrate the manipulator unit in case of a 
power supply failure. 

15 Control Hardware 

The control hardware of the robot comprises two circuits A and B. Circuit A is the 
main circuit controlling actuators connected to axes on the carrier unit and the 
manipulator unit. Circuit B is a secondary circuit controlling actuators connected to 
axes on the carrier unit and an axis 2 on the manipulator unit (for rotation of the 

20 telescopic arm). Both circuits operate during normal operation. If one of the circuits 
fails, the other circuit is still able to turn the telescopic arm to its retracted position 
and move the carrier unit at a reduced pressure on the legs. The circuits are provi- 
ded with independent power supplies, electrical conductors and" hoses in the main 
cable. The control electronics is formed of separate modules comprising control and 

25 communication electronics. The modules communicate through a local ring network. 
The communication in the ring network and between the ring network and a base 
station is controlled by a master module optionally connected to two driver modules. 
Additional driver modules can be connected to the system by means of auxiliary link 
modules comprising an additional communication computer and an additional power 
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supply. Three different driver modules are used in the control hardware. A DC- 
motor driver unit is arranged in the same housing as the DC-motor, an independent 
DC-motor driver unit for three smaller DC-motors and a valve control driver for 
double-acting, pneumatic valves. 

5 The master module for the circuits A and B communicates with the computer of the 
control system via to serial interface connections. 

The control software of the robot controls and monitors the carrier unit as well as 
the manipulator unit. 

The control software of the robot for external monitoring has been developed by by 
10 means of ROBCAD open system Environment (ROSE) and ROBCAD/Marteli 
(Monitoring and remote Teleoperating Environment) with ROBCAD CAD/CAM 
software. 

The control software of the carrier unit is one of the two parts of the control 
software of the system. The carrier unit can be operated independently or jointly 
15 with the manipulator unit. The following control options are available to the opera- 
tor: 

Movement of connections, whereby each of the four degrees of freedom of the 
carrier unit is controlled separately, and enabling the operator to move the carrier 
manually. These degrees of freedom are as follows: 1) front legs 3, 2) rear legs 3, 
20 3) prismatic connection between the front legs and the rear legs, 4) rotation between 
the front legs and the rear legs. 

Movement of the carrier unit enables the operator to move this backwards and 
forwards by means of predetermined guide lines. Moreover, the operator is able to 
control the rotation connection between the two pans of the carrier unit. 

25 

The manipulator unit is controlled by the second part of the control software. The 
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manipulator unit is controlled independently or jointly with the corresponding carrier 
unit. 
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Claims 

1. A movable robot comprising a carrier unit and a manipulator unit, the 
carrier unit causing an axial movement in a pipe line and comprising two or several 
intermovable units, each movable unit preferably provided with three projecting legs 

5 (4, 5) having contact surfaces (4a, 5a) for abutting the inner side of the pipe such 
that said movable unit is fixed relative to the pipe, characterised in that 
one of the movable units is fixed relative to the pipe, while at least one of the other 
movable units is movable relative thereto and that the second movable unit is rotat- 
able as well as displaceable relative to the fixed unit acting as a fixed reference for 

10 the second unit 

2. A movable robot as claimed in claim ^characterised in that each 
set of legs may be moved synchronously in and out of the carrier unit according to 
the "umbrella principle" so as to provide a centering of the carrier unit. 

3. A movable robot as claimed in claim 1, characterised in that one 
15 or more of the contact surfaces on the projecting legs (4, 5) is replaced by rollers, 

at least one contact surface being provided on each movable unit and enable to 
retain the robot along the longitudinal axis of the pipe. 

4. A movable robot as claimed in claims 1-3, characterised in that 
sensors such as pressure sensors which are sensitive preferably in all directions are 

20 provided on the contact surfaces. 

5. A movable robot as claimed in one or more of the preceding claims, 
characterised in that sensors such as pressure sensors preferably sensitive 
in all directions are provided on the manipulator unit. 

6. A movable robot as claimed in claims 1-5, characterised in that 
25 the carrier unit is provided with additional sensors such as pressure sensors to 

register obstacles. 
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7. A movable robot as claimed in one or more of the preceding claims, 
characterised in that the positions of the different obstacles in the pipe line 
are stored to provide a travel pattern which can be used when retracting the robot. 
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